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Acoustically Raflactiv. Lipoaoaaa and Mathoda 
to Xaka and Uaa tha Sana 

1 Background of tha Xnvantlont 

*>» »j>i« iiwantfm; This invantlon ralatas to 

a> 

acoustically reflective oligolamellar liposomes containing 
intarnally separated bilayars and methods to make sane for 
5 ultrasonic image enhancement. 

Description of the Prior work in the Ti^id* Ultrasonic 
assessment of intarnal body organs or tissua is a vail 
known technique. Shis assessment can be made by sending a 
signal with a waveform in the high frequency sound 
10 spectrum (10 € cycles/second) and detecting the reflected 
ultrasound properties. In current ultrasound procedures, 
the inherent reflective properties of the tissue are 
studied. 

In one recent patent, U.S. Patent Ho. 4,900,540 a 
15 method for producing liposomes having an encapsulated gas 
is described. Liposomes are phospholipid bilayars 
discretely encapsulating an aqueous compartment. She 
composition and form of these lipid vesicles are analogous 
to that of cell membranes with hydrophilic polar groups 
directed inward and outward toward the aqueous media and 
hydrophobic fatty acids intercalated within the bilayer. 
Liposomes form spontaneously from a dry lipid film exposed 
to an aqueous medium and may be unilamellar and/or 
multilamellar. Unilamellar vesicles are typically 
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1 classified as nail (20 to~200 nn diameter) r large' ' 
(approximately 1 micros) . Multilamellar liposomes art 
classically dascrlbad. as having concentric bilayars, an 
■onion morphology*. A type of mul 1 13 email ar liposome . 
5 tend oligolamellar liposomes ara typicaily described as 
multilamellar lipososas vith increased aqueous spaca 
betveen bilayars or hava liposomes nastad vithin bilayars 
la a nonconcantric fashion. Lipososas hava many uses but 
10 ara considarsd to be highly desirable for drug dalivary 
and diagnostic applications. 

AS previously discussed, th'a "540" patant disclosas a 
mathod for producing liposomes having an ancapsulatad 
* gas. It is said that these liposomas can ba injactad for 
15 In xixm enhancement of organ imaging vith ultrasound.- A 
gas charged particla In xixa, however, may not ba stable. 
Thus, it is dasirabla to develop a stable acoustically 
reflective liposoaa by controlling composition, structure 
and size alone. 

20 

ftmmwwrv the Tnv^iafi 

This invention provides acoustically raflactiva 
liposomas amenable to ligand conjugation for targeted 
ultrasonic enhancement. These liposomes enhance the 


wonnmu 


PCI7US93/C3291 


1 acoustlo reflectivity based solely on their composition, 
structure end sise, mis invention provides en. 
acoustically reflective oligolamellar liposome containing 
internally separated lipid bilayers. More specifically , 
5 this invention provides an acoustically reflective 
liposome partiole Bade by incorporating 
phosphatidylethanolamine with other lipids end having a 
nean particle site of between about .8 and 10 microns. 
This composition has a oligolamellar structure end it is 

10 theorised that the resultant lamellar structure together 
with the mechanical properties of the phospholipid bilayer 
-make the liposomes acoustically reflective. The liposomes 
typically include phospholipids such as 
phosphatidylcholine and phosphatidyl ethanolamine and can 

15 also include Cholesterol. 

This invention further provides a composition vherein 
the acoustically reflective liposome may be conjugated to 
a tissue specific ligand. Preferably, this ligand is an 
antibody or antibody fragment. 

20 The acoustically reflective liposome of this invention 

can be made by incorporating phosphatidylethanolamine into 
a typical phosphatidylcholine based liposome particle, 
optionally reducing the sice of the particle to less than 
about 400 nm, lypphillsing the particle, and reducing the 
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1 particle sis* to bttmn about o.e and 10 micron*. 

liposome particle can be chemically altarad to eovalently 
coupla a tissue specific ligand. As an alternative to 
lyophilitation, the acoustically reflective, liposome* of 
5 this invention can ba made by double-emulsion method in an 
organic solvent each as triolein or by repeated 
freeze-thaving of. the liposomes. This invention further 
provides a method to prepare targeted/ acoustically 
reflective liposomes to characterise specific tissues 

10 involving administering ligand-conjugatad acoustically 

reflective, oligolamellar liposomes containing internally 
separated bilayers devoid of gas, and measuring ultrasonic 
reflectance of the specific tissue of interest before and 
after liposome administration and comparing the results 

15 for enhanced acoustic reflectance. Specifically, this 

method can be used to characterise a ventricular thrombus; 
although many other types of tissue can be analysed. This 
invention also provides a method to enhance tissue 
perfusion (i.e. use as a contrast agent) • in these 

20 situations, the contrast agent could be the liposome 
without conjugated ligands. 

Shis invention also provides a method to monitor a 
drug delivered in a liposome administered to a patient's 
circulatory system* This msthod involves mixing a 

25 liposome containing the drug targeted to specific tissue 
and (if the drug containing liposome is not acoustically 
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reflective) an acoustically reflective liposome devoid of 
any gas targeted to tha eeae tissue to fora a dispersion, 
adainistariag tha disparsion to a patiant and monitoring 
tha dalivary of tha liposoae containing tha drug fay 
datacting tha acoustically raflactiva lipoi 


Brief Psscrintlon o* Floors* 

Figura 1 is an ultrasonic iaaga of a buffer control 
obtained in vitro using 20 MHs intravascular ca tha tar* 
10 Figura 2 is an ultrasonic iaaga of pure 

phosphatidylcholine vesicles prior to extrusion through 
KUCLEPORE (Costar Co.) membranes obtained In vitro using 
20 KHx intravascular catheter. 

Figure 3 is an ultrasonic iaaga of phosphatidylcholine 
15 and cholesterol vesicles prior to extrusion obtained In 
vitro using 20 MHs intravascular catheter. 

Figure 4 is an ultrasonic iaaga of phosphatidylcholine 
and phosphatidylethanolaaine vesicles prior to extrusion 
In vitro using 20 MHz intravascular catheter. 
20 Figure 5 is an ultrasonic iaaga of 

phosphatidylcholine , phosphatidylethanolaaine and 
cholesterol vesicles prior to extrusion In vitro using 20 
MHz intravascular catheter. 

Figure 6 is an ultrasonic iaaga of a 
25 phosphatidylcholine and cholesterol vesicles after 
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1 . extrusion In xi£E& using 20 MHz intravascular catheter. 

Figure 7 is an ultrasonic image of MBs intravascular 
catheter in vitro phosphatidylcholine and 
phosphatidylethanolaaine vasiclas attar aactrusien obtained 
5 in vitro using 20 HBs intravascular cathatar. 
rigors • is an ultrasonic image of 
phosphatidylcholine* phosphatidylethanolamine and 
cholastarol vasiclas aftar extrusion obtainad In vitro 
. using. 20 HH* -intravascular cathatar. 
10 Figure 9 is a schematic drawing of different types of 

liposome particles, A-B. 

Detailed Description of tha Invention and Bast Mode 
In accordance vith this invention, acoustically 
15 reflective liposomes are provided which nay be used alone 
as an ultrasonic contrast agent or which are conducive to 
site specific ligand conjugation to enhance ultrasonic 
Imaging of specific tissues types or receptors in the 
body. 

20 The. inventors have discovered that the echogenicity of 

liposomes is a function of composition, morphology and 
sire. With respect to morphology, the inventors have 
found that liposomes may be simply produced by mechanical 
dispersion of a dried phospholipid film (e.g. 

25 phosphatidylcholine) . into an aqueous medium. Shis 

procedure typically produces classical multilamellar and 
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1 fever oligolamellar vesicles. The addition of 

£hosphatidylethanolamine imparts morphological changes to 
the arrangement of the bilayers. zt is hypothesised that 
tha haad groups of tha phosphatidylethanolamine results in 
5 this acoustically reflective arrangement, speculated to be 
en oligolamellar type of liposome. Furthermore, liposomes 
with similar acoustic properties may be produced by the 
inclusion of charged lipids, (s*fl« phosphatidylserine) 
vhich could lead to a more oligolamellar distribution 

10 secondary to internal repulsion of the lipid bilayers. 

More specifically, the above described oligolamellar 
liposomes possess a series of membrane-fluid interfaces 
that in the aggregate are ultrasonically reflective* 
Liposomes produced by the same method, but without the 

15 incorporation of phosphatidylethanolamine or charged 

lipids (t.fl. pure phosphatidylcholine vesicles) are not 
echogenic because, despite their multilamellar morphology, 
the bilayers are typically closely opposed and act as a 
single acoustic interface. 

20 Although both classic multilamellar and oligolamellar 

. liposomes may be created directly from a dried lipid film 
vithout lyophilisation, the inventors suspect that the 
classical multilamellar form predominates this approach 
and that such vesicles are less echogenic than the 

25 oligolamellar form vhich may predominate after rehydration 
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1 of freete-dricd liposomes. Sm Figurt 9. Figure 9A 
demonstrates a small ' mil wmallar liposome, Figure SB a 
large, unilamellar liposome,. Figure 9C a classical 
multilamellar liposome' (classical) , Jig. 9D and 9B tvo . 
5 types of oligolamollar liposomes (Concentric and vesicular 
respectively) Liposomes 9&, 9B and 9C are nocechogenic, 
i.e. minimally acoustically reflective. It is believed 
that liposomes 9A, 9B end 9C do not have a sufficient 
number of Interfaces for detectable acoustic reflection. 

10 Liposomes 9D and 9B are echogenic, i.e. acoustically • 
reflective, probably due to the bilayers being separate 
enough to give sufficient reflective interfaces. 

Ultrasonically reflective liposomes may be created by 
any procedure vhich creates oligolamellar vesicles vith 

15 internally separated bilayers. The inventors have 
demonstrated the. use of liposome composition (i>ft. 
phosphat ldylcthanolamine incorporation) to create this 
effect, but one can easily envision mechanical means to 
the same end. One example , is the conjugation of Uganda 

20 Ci-m. antibodies,, peptides, lectins, etc,) to lipid 

components .of the membrane then incorporation of these 
components between iayers of the multilamellar vesicles by 
a suitable process. Xfc this scenario, the relatively 
large size of the Uganda bound to the inner and outer 

25 bilayer surfaces could either primarily spread or 
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1 secondarily enhance tb separation f multilamellar 
bilayars. 

Ollgolamellar liposomes may be praparad by but ara not 
limited to tba following prooaaaaa: lyophilization, 
5 rapaatad freeze-thaw, a modified double emulsion 
technique. Production through lyophilization is tba 
current standard eparating procedure . She acoustically 
reflective liposome particle is made by containing 
phosphatidylethanolanine with other lipids (*.fl. 

10 phosphatidylcholine) into a dried film, resuspending the 
film vith deionised water with or without cryoprotectant, 
to form a liposome, reducing the size of the particles to 
less than about 400 nm, lyophilizing the particles, and 
resuspending the particles in buffer. Particles may than 

15 be extruded to a size between about 0.8 and 10 microns. 
Shis method is the most conducive to conjugating protein 
Uganda since it avoids exposure of the protein to organic 
solvents, evaporation or mechanical destruction, the 
antibody is conjugated in an aqueous buffer to unilamellar 

20 liposomes lass than 400 nm in diameter for «» rl mm 
afficiancy and the conjugate may be freeze-dryed vith 
mannitol to help protect the peptide while allowing the 
vesicles to structurally degrade. 

Alternatively, in the modified double emulsion method, 

25 an organic solution containing triolein, phospholipids and 
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1 . cholesterol is ^^^Inrl en a volume to volume basis vith 
an aqueous solution typically containing materials to ba 
•stnpptd*- Shis solution is vigorously agitata* to f ota a 
water- in-oil emulsion. Shis emulsion is then combined 
5 vith a sucrose solution and agitated again, creating a 
vatar-in-oil-ia-vater emulsion, or a double emulsion. 
Evaporation of the organic solvent leaves, 
mult i compartmental' liposomes. Shis method is c om pa t ible 
vith liposome encapsulation of but is less conducive for 

10 conjugate vith proteins or other biological maeromolecules 
(Kim, S. f Turker, U.S., Chi, E. Y., Sola, S. and Martin, 
G.M. , 1983 Blechen. Blophva. Acta 728,339; Gao, K. and 
BUang, L., 1987 Biochem. Bioohva. Acta £22, 377). 

Another method for producing oligolamellar liposomes 

15 is a variant of the lypphilization method and involves 

freezing and thawing of small unilamellar liposomes (Pick, 
IX. 1981 ATCht BjgChCtt. BlOTllVS., 212, 186). She repeated 
freeze-thaving of liposomes leads to membrane rupture and 
reannealing into larger multicompartment^ vesicles. 

20 These membranes typically incorporate charged 

phospholipids into, the bilayers to provide a nidus for ice 
* crystal formation. Although the protein ligands could 
easily be conjugated to the smaller unilamellar liposomes, 
repeated flreeze-thaving of biologically active proteins 

25 may destroy their bioactivity and reduce their efficacy as 
targeting ligands. 
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1 she liposomes which have bna found to be useful in 

this invention incorporate phosphatidylethanolamine into 
the bilayer liposomes that can ba formad into a vaaicular 
structure, the liposome can ba formed from lipids such, as 
5 phosphatidylcholine (PC) and phosphatidylethanolamine 
(PB) • Praf arably tha phosphatidylcholina ranges from 
about 50 to 95 mol % of tha lipid content of tha liposome, 
but can generally range from 60 to 90 mol % of the 
liposome, while phosphatidylathanolamina preferably ranges 

10 from 2 to 20 mol %, but generally from about 5 to 10 mol 
percent of the lipid content of the liposome. 

Incorporation of cholesterol, another neutral lipid, 
has been found to contribute an echogenic component to 
liposomes which was lost after polycarbonate extrusion, 

15 suggesting that large liposome size increases 

echogenicity. Work by Rhoden and Golden (Rhoden, V and 
Goldin, 8 1979 Biochemistry lft f 4173) has indicated that 
incorporating cholesterol into the lipid bilayer will 
increase particle size while, the addition of charged 

20 phospholipids decrease vesicle sice. Cholesterol 

intercalates within the phosphatidylcholine bilayer with 
• very little change in area by occupying the regions 
created by the bulky phosphatidylcholine headgroups. This 
increases the packing density and structural stability of 

25 the bilayer and may contribute to acoustic character (New, 
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1 R.&.C*, 1990 a Hew, R.R.C. (ed) i Liposomes: a practical 
approach, (ad) , Oxford University Press, New York, pp 
19-21} . 

With respect to size, it was found that liposomes of 
. 5 approximately on* to four alcrona in size vara lyophilixed 
without excipients and vara aehoganlo upon resuspension 
vith Tria buffer, p8 7.5* additionally, it vaa found that 
dacraaaa of prelyophilizatibn particla size to laaa than . 
ona micron vith proba sonication and a sugar axcipiant 

10 raaultad in echogenic liposomes. During lyophilization, 
tha amallar vaaiclaa nay break down more completely and 
enhance tha lipid intaractiona upon rehydration. Tha 
addition of sugar (nannitol) vaa selected to provide bulk 
to tha lyophilixad powder without cryoprotacting tha . 

15 vaaicla air a. Othar sugars, such as trahaloaa or maltose 
can ba usad to provida bulk, but also tand to preserve 
liposome integrity during freeze-drying and may ba 
contraindicatad in tha production of achoganic liposomes 
from small unilamellar liposomes. 

20 Tha smaller the liposomes tha higher the ultrasonic 

. frequency required to resolve the vesicle. In practice, a 
. single liposome (1-2 microns) is not resolvable vith 
commercially available diagnostic ultrasonic transducers- 
However, discrate' liposomes and tha coalescence of 

25 liposomes either randomly in solution or secondary to 
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1 specifi targeting Uganda contribute to ultrasonic 

scattering, and can eraata an acoustic interface which nay 
ba vlsuallsad and quantified. Moreover, In vivo - targatad 
achoganlc liposomes will benefit from anhancad 

5 echogenicity saeondary to craatlon of multiple 

llposome~tissue Intarfacas and a translant increase In 
targat tissue slaa and density. 

An acoustically raflactlva liposome particla ganarally 
rangas from .8 to 10 microns, but prafarably 1.0 to 3.0 
10 microns. 

In summary, tha lyophilization method (refered to as 
dehydration-rahydration procedure) appears to provide the 
preferred method for creating echogenic, protein-targeted 
liposomes. The small unilamellar vesicles are optimum for 

15 protein conjugation and can be ruptured and enlarged into 
multivesicular liposomes without destroying the biological 
activity of the ligand. This method was first suggested 
by Xirby and Gregoriadis (Kirby, C. and Gregoriadis, C., 
1984 Biotechnology 2, 979 (hereby incorporated by 

20 reference) for the purpose of increasing liposome 

entrapment efficiency. The inventors have discovered that 
liposomes produced by this method with the appropriate 
chemical composition are echogenic and suitable for 
targeting. 

35 Tb. acoustically raflaetiv* liposoaas can b« 

conjugated to a .it. specific ligand such as an antibody, 
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1 lactln, psptida or nuclaic acid. . • a variety of Methods 
hava boon roportod to attach protains to liposomal 
covalantly. (Martin, F.ff.# Haath, T.D. and Nov; R,R«C., 
1990 2a Liposcmaa: a 'practical approach- Oxford 

"5 ttaivarslty Frass, tfov York, pp 163-182; haraby 

in cor p ora tad by rafaranca) • Tha most popular msthods. 
iavolva synthasis of thiol-raactiva . lipida using aithar 
H-succinimidyl-pyridyl-dithioproprionata (SPDP) or 
H«^uccinimidyl-(4-[praalaiaidophanyl] ) -butyrata (SKPB) . 

10 SPDP produeas a rsvarslbla disulf Ida bond and SXPB 
prodacas an irravarsibla thioastar. Tha conjugation 
proeass is assantially tha same for both raagants and tha 
invantors hava alactad to usa SPDP for in vltoo 
arparimants raportad harain. 

15 S-acatylaarcaptosuccinic anhydrida can ba usad instaad 

of SPDP with a substitution of hydrbxylamina for 
dithiothraltol in tha proeass to raduca tha nunbar of 
purification stops raquired (Martin, F.J. , et al. fflfflra* 
163-182). 

20 Anothar nathod dascribad by Haath at al. (Haath, T.D., 

. Mahar, B*&* and Faphadjopoulos, D., 1981: Biodhaml 
Blophv. aetea sstlr 42) involvas tha usa of pariodata to 
craata a Schiff baaa batvaan glyeolipida incorporatad into 
tha lipid mambrana and primary or sacondary amino groups 

25 on protains. This mathod providas 20% binding of tha 
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1 initial protein with a theoretical maximum of 40%. 
Conjugation to larger liposomes appears battar than 
smaller unilamellar liposomes, a factor which may ba laaa 
daairabla for producing echogenic liposomes by 
5 lyophiliiation . 

Fhosphatidylethanolanine can also ba darivatizad by 
attaching a bifonetional straight-chain (6-8 carbons) 
dlcarboxylic acid which can bridga batvaan tha lipid and 
protain. The phosphatidylethanolamine say be derivatised 
10 by either a dl-H-hydroxysuccinimide derivative or by 

. reaction vith carbodiimide. The former route must be used 
vith a process which prepares liposomes rapidly without 
significant subsequent processing. The carbodiiaide 
method is prone to extensive cross-linking and often 
15 requires citraconylate blocking of endogenous amino 

groups. This blocking reagent is removed at pH 4.4 which 
may precipitate peptides or begin to hydrolyse the 
liposome membranes (Martin, F.J,, at al. supra , at 
163-182). 

20 Liposomes can be conjugated with Protein A or Protain 

G, which have inherent affinity for immunoglobulins. 
Liposomes can be conjugated with avidin, which strongly 
binds to biotin that can be attached to immunoglobulins or 
ether Uganda thereby effecting a coupling of tha ligand 

25 to liposomes. Finally, sugars and other oligosaccharides 
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1 Bay. be' conjugated to liposomes containing a pure or 

. SFDP-derlvatised phosphatidylethaholamine via endogenous 
aldehyde groups, of the saccharide by introducing a thiol 

raaidua onto tjie sugar or by carbexylating fraa hydroxyl 

• • * * * 

5 groups with succinic anhydride followed by a carbodiinide 
* coupling reaction- (Martin, r«J«, at al. supra at 163-182) . 
An acoustically raflactiva liposoaa particle may ba 
used alona as an ultrasonic contrast agent or with a 
ligand conjugation for specifically targatad ultrasonic 
10 iaaga enhancement. Mors spacif ically, ligand~targeted, 
acoustically raflactiva liposomes nay ba usad to enhance 
ultrasonic imaging of intravascular structures as vail as 
aactravascular structuras accessible due to incraasad 
pamaability of tha vasculature or by direct 
15 administration into a nonvascular space* Tha potential 
cardiovascular targets include myocardial tissue 
(antinyosin antibody), vascular clot (anti-fibrin 
antibody) , vegetations (anti-bacterial determinant 
antibody) , endothelial surface (anti-receptor or surface 
20 determinant antibody) and tumors (anti-tumor antibody) • 
. Additionally, other tissue structures in the penetrable 
'spaces of joints spaces, (lymphatic system; urogenital or 
pulmonary bronchial alveolar tree) may be ultrasonically 
enhanced with specif ic acoustically reflective liposomes 
. . 25 administered directly into these spaces. 
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1 . The routes of administration include intravascularly, 
intralymphatically, intrathecally, intraurelogieally, 
intraoapsularly, and bronchial lavag*. The acoustically 
reflective liposome sad* bo administered as a bolus of • 
5 li pos omal or as an infusion in a pharmaceutically 

aeeaptablo earriar such as salino or glucose in water. 

As vith othar lnjoctad pharBaooutical agents, ths 
acoustically reflective liposome, is administered as a 
starila eospound. To prapara a starila composition of 
10 matter ths acoustically raflactiva liposome is prsparad 
undar asaptie conditions using sterilised buffars and 
raagants. 

Visualisation of tha in situ liposomes is possible 
vith virtually all ultrasonic imaging modal it las, 

15 including Intravascular (catheter-based) , transcutaneous 
transvaseular/apicardial (conventional echocardiography , 
vascular or high frequency) and transesophageal 
echocardiography. She precise imaging technique 
appropriate for a given application must take into account 

20 the clinical objective of the procedure, anatomic site of 
interest and medical condition of the patient. 

Two important uses for liposome enhancement to tissue 
would be the following. First, the standard 
transcutaneous of transesophageal ultrasound would be used 

25 to Identify cardiac structure. Liposomes would 
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1 subsequently be used to enhance structure definition, 
either through their perfusion into a vascular bad to 
Identify regions of perfusion &.£ myocardial) or to 
identify pathologic' structures by directly or indirectly 
S "highlighting* of the target. She' transducers that are 
used utilise probes from 2. to 15 KBs end. are plaoed 
transcataneously/trahsvasc\ilar/epicardially/or 
transesophageally to image cardiovascular structures. 

Zh the second instance, liposomes vould be utilised in 

10 conjunction with intravascular ultrasound imaging 
devices. These devices' generate iaages of vascular 
structure and operate at a frequency of 10-100 MBs. These 
catheters do not generally impede blood flow and they 
vould be. directed to the region of interest vith the 

15 liposomes highlighting. structures such as plaque, thrombus 
or endothelial receptors/determinants. 

Using either the intravascular or the 
transcotaneous/transvascul&r/epicardial/trans esophageal- 
method, the 2-dimens tonal B-mode ultrasound images 

20- generated are amenable, to more sophisticated image 

* processing and/or analysis. Gray-scale texture analysis, 
radiofraquency signature analysis and a variety of 
add iti o n a l complementary ultrasonic material 
characterization techniques may find use in enhancing the 

25 interpretation of these data. 
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Production of Zchoganie Liposoaas Using a 

t^yoPhillMtlon M.thodolaav 

1 this proeadora daseribaa Batnods and raaganta raqoirad 

to Bake acoustically reflective, oligolaaellar liposomes 
using a composition and method conducive to tha production 
of antibody targeted vaaiclaa. Freeze-drying ia 

5 lyophilitation 
Raaganta: 

1) Phosphatidylcholine, from agg yolk (PC) as an 
alcoholic solution 

2) Gholastarol (Choi) 

10 3) Phospha tidy lethanol amine , dipalndtoyl (p£) 

4) Deionized vatar 

5) Cryoprotactant sugar (e.g. mannitol) 

6) Tris BC1 . 

7) Sodiua Phosphate (dibasic) 
15 8) Sodiua Chlorida 

Equipment: 

1) Rotary svaporator with external cooling, vacuum and 
boating. 

' 2) Proba sonicator and aar protection. 
20 3) Subnicron particle cite analyser (e.g. NZCQKP (Pacific 
Scientific) Malvern) and tubes. 
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1 4) .Volumetric flasks, graduated cylinders, syringes, 
. hypodermic needles, repipets/pipets and liquid 
scintillation vials (25 ft 10 mL) . * 
S) Stirrer/heating plate and stir bars* 
5 6) Xlectronio balance (accurata to 0,1 or .0.01 mg>. 
7) pB meter and calibration standards. 
S) Sing stand and clasps* 

9) HUCLBPOHE (Oostar Co.) filtars and membranes in steps 
from 2 to 0.22 microns. 
10 10). Bottla lyophilirer and associated equipment. 

U) C71S intravascular catheter system and 20 MHz imaging 

catheter. 
Procedure: 

1) Warn vials of phosphatidylcholine and 
15 phosphaticlylethanolamine to room temperature. 

Z) Weigh (according to electronic scale instructions) 
25«g of cholesterol and 20 mg of 
phosphatidylethanolamirie. 
3) Dissolve cholesterol in 2.5 aL of dry chloroform and 
20 phosphatidylsthanplamine in 2.0 ml of dry chloroform 

using supplemental beat as required. 
. 4) Combine in a 250 mL fcotoevaporator flask: 73 mg of 
phosphatidylcholine, 11 mg phosphatidylethanolamine 
and 16 mg of cholesterol* Adjust as required for 
25 scale-up. 
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5) Attach flaak to pra-cooled (o degree* Cantigrade) 

rotary evaporator with a 50 dagraa Cantigrade waning 
bath. 

«) Rotate flask rapidly (approxiaatsly 210 rpa) and dry 
radar vacuus* 

I) After too fila la dry, reaove flaak from 
rotoavaporator and plaea in daaleeator under vaeuua 
and eovar daaleeator vith a dark cloth. 

«) Continue to dry fila under vaeuua for 2 daya. 

») Prapara 100 «M aannitol aolution in delonlsed vatar. 

10) Add 10 aL of aannitol aolution par loo ag of lipid. 

II) Without significant agitation, plaea flaak on 
rotoavaporator without coolant circulating, flood 
ataoaphara with nitrogan and rotata tha flaak 
(approxiaataly 210 rpa) to raauspand lipid fila. 

12) Whan lipid fila ia rasuspandad, add ona or two drops 
of lipoaeaa auapansion to HXCOMP (Pacific Scientific) 
tuba and diluta with 100 aM aannitol aolution, 
aufficiantly for analysla. 

13) Analyse partiela size with NICOKP (Pacific Sciantific) 
according to manufacturer's inatructiona. 

14) Transfer llpoaoaaa from round bottomed flaak to 25 aL 
liquid scintillation vial with a pipat and cap. 

15) Sacura vial to ring stand and submerge vial 
approxiaataly two-thirds into a cool tap-watar bath to 
dissipate excess haat during aonication. 
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1 16) Samove cap and position sbnicator probe into the vial 
being sure not to laava the probe In contact with tha 
glass and maintaining tha tip of tha proba about one 
quarter Inch above the bottom. 

5 17) Bet tha sonicator for ] 10% duty and lot power and 
sonicate for 3 minutes. 
18} E oc h oc k parti c le size as before with HXCCKP (Pacific 
Scientific) • .Continue to reduce particle sire using 1 
minute sonication bursts at same power and with 
. 10 increasing duty levels until vesicles are less than 

400 mn. Increase power and repeat duty changes 
starting at 10% if additional sonication is required. 

19) Transfer approximately 5 mL aliquots of liposome 
suspension into each of two 25 mL liquid scintillation 

15 vials, layer with nitrogen, and cap. 

20) Either snap-freeze in acetone-alcohol-dry ice bath or 
freeze overnight in -70 Centigrade deep freezer. 

21) Transfer vials from the freezer to the lyophilizer 
jars and freeze dry according to manufacturer 1 s 

20 instructions for approximately 48 hours. 

22) After 48 hours of lyophilization, remove vials from 
the freeze dryer, gently overlay contents with 
nitrogen, recap and seal vials with paraf ilm. 

23) Store vials in refrigerator with desiccant up to 72 
25 hours until use. . 
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• • • 

l 24) Prepare 0.10 M Trie BC1 ♦ 0.10 M Naci, pH 7.5 buffer. 

25) to rehydrate, add o.io an Trie BC1 ♦ o.io aM Had, pH 
7.5, buffer to each vial. A good starting volume la 
2-3 aX of buffer/ml. of tha desired liposome 

5 lyophilised. 

26) Size liposomes vith tha HICCMP (Pacific scleatif 1c) 
aubalcron partlela analysar aa pravlonaly dlaeuaaad. 

27) Tranafar liposome auapanalon to an appropriataly alzad 
ayringa and extrude liposomes to daairad partlela alsa 

0 through polycarbonate membranes according to 

Manufacturer* a instructiona until daairad alsa la 
attalnad. Excessive extrusion will aignifieantly 
daatroy llpoaoaa atruetura and diminish aehoganicity. 
Zf Initial partlela alsa la mora than 1-2 microns 

5 above daairad range, repeat procedure using a greater 

poat-lyophiliration dilution factor to attain a 
aaaller initial vesicle alsa. Be sure sample for size 
analysis dilution buffer is iso-osmotic vith liposome 
aolution (300 milliosmoles) to avoid artifactual 

9 svelllng or contraction of vesicles and Inaccurate 

sice eatiaation. 
'28) Transfer liposoaas into small (io mL) liquid 

aelntilatlen viala and image llpoaoaa suspension vith 
20 MBs CVXS intravascular imaging catheter system. 


25 
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1 . ItfowM: Hav, R.R., 1990, Liposomaa: A Practical 

Approach. Oxford University Preaa. (haraby incorporatad 
by raf aranoa) . 


10 


20 


EXAMPLE 2 . 

A- SFBP Darivitization of .Phospliatidylathanolamina 
tta following procedure* deacribed method* to produca 
aa *-*ueelnlmidyl pyridyl dlthiopropionata (SPOP) 
darivitixation of IgG antibody and 

pboaplutidylathanolasina and their incorporation into a 
process for producing acoustically raflactiva liposomes as 
described in Example l. This procedure deecrlbes methods 
and raagants required to make N-succinimidyl pyridyl 
dlthiopropionata derivative, of phosphatidylathanolaaina 
for Incorporation into ilpoaonea for antibody coupling 
15 reaction. 

Saagants: 

1) Ir-a-phosphatldylathanolanine, dinyriatoyl or 
dipelaitoyl, 99% purity (PE) 

2) Triathylamine (TEA) 

3) H-suceiniaidyl pyridyl dlthiopropionata 
. «) nitrogen 

8) Silicic Add • 
«) Hathanol 

.7) Chloroform .... 
M 8) Oedaeaaolybdophospborlc acid 

9) Silica thin layer chromatography (TLC) platas . 
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15 


20 


1) Liquid seintillttion vial or tut tuba with cap 

2) Stlrrar/haatlng plat* and stir ban 

5 3) 20eo plastic syrlnga barral with glass f ibar plug 

4) Fraction oollactor or tast tuba racJc 

5) TLC davaloping tank with filtar papar lining 

«) ttaetronie balanea (aeeurat* to 0.1 or 0.01 ag) 
7) Graduatad cylinders, rapipeta/pipets 
10 8) sing stand and clasps 

*) Atomisar sprayar and spray 'box 

10) Rotary avaporator with external cooling, vacuua, 
heating and 250 aL flasks. J 

11) Baailton microliter syringa with loek | 


25 


Procedure: 

1) M«igh 15 ag of PB, 10 ag of SPDP, 2 g silicic acid, 3 
g aodeeaaolybdophosphoric acid. 

2) Dissolve PS in a liquid scintillation vial in 
tpproxiaataly 2 mL chloroform using suff icient warming 
to facilitata dissolution but avoiding excess haat. 

•3) Dry PS undar continuous nitrogan stream or with 
roteavaporation. 

4) Basuspand PB in 2.0 bl of chlorofora. 

5) Dissolva 200 aicrolitars TEA in 25 aL aathanol (2.9 
ag/0.5al). 
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X 6) Disaolv* 10 ag STOP in 0.5 aX. aathanol vith slight 
supplaaastal h— ting. 
. 7) Add O.S aL TEX (2,9 ag) to SB la vial, 
8) Add 0.5 SL STOP (10 ag) to. SB and TEA. 
5 • 0) Add nail stirring bar to vial. 

10) Saturata r^osphara in vial vita nitrogan and cap. 

11) stir alxtnr* at room taaparatara- for .2 hours. 

13) m a 250 ML or greater flask add 130 nL of chloroform, 
SO si of methanol, and 10 ml of deionized water. 

10 13) If solution is cloudy add 1*2 aL additional methanol 
to dry. 

14) Add approximately half of the solution to tha 
. developing tank* 

15) Covar tank and allow atmosphere and filter paper 
15 lining t* saturate with solvents. 

16) Slurry 2 g of silicic acid in 10-12 mL of chloroform. 
17} Pour silicic acid slurry into syringa barrel supported 

on a ring stand* 

18) Allow excess solvent to drain but do not allow column 
20 to dry# 

19) Prepare phosphamolybdate spray by dissolving 3 g of 
dodecaaolybdpphosphoric acid in 10 mL of ethanbl or 
reagent grade alcohol • 

20) Place in sprayer and. wrap sprayer in foil to blockout 
.25 light until use. 
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1 31) .After 2 boors ch.ck rvaetion by spotting (10 
aicrolitars) tha ruction aiaetura and pura 
phosphatidylathanolaaina standards vith a Hamilton 
syriaga onto tha thin layar chronatography plata. 

5 22) Whan tha solvant lina on TLC plata is approxiaataly 
1*0 ca froa tha top, raaova tha plata from tha tank 
and air dry. 

23) In a hood, spray dry plata vith a light, avan coat of . 
phoaphonolybdata spray. 

10 24) Vara plata on a hot plata vith low haat to davalop 
black spots (100 dagraas Cantigrada) . Tha tast is 
qualitativa. Darivatizad phosphatidylathanolaaina 
aigratas fastar than tha pura standard lipid. Tha 
raaction is usually 100% coaplata. If tha raaction is 

15 incoaplata, add 1 ag of TEA and allow raaction to 

continua 30*60 ainutas and rachack vith thin layar 
chronatography. 
25) Whan tha raaction is coaplata, add aixtura to silicic 
acid column and vash in vith 4.0 aL chloroform. 

20 26) Sluta darivatisad phosphatidylathanolaaina in 2.0 aL 
fractions using 4.0 aL aliquots of tha following 
chlorofoxa:aathanol solutions gradiant: 4*0:0.25, 
4.010.50 4.010.75, 4.0:1.0, 4.0:1.25, 4.0:1.5, 
4.0:1.75, 4.0:2.0. Rapaat 4.0:2.0 to ansura coaplate 

25 alution. 
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1 271 liy« «ftch traction with nltrogan aftar eollaetion to 
' inhibit oxidation. 
2«) Idantify fraction, vith phoaphatidylathanolanina 
darivativa by thin layar chromatography as bafora. . 
5 29) Pool fraction* containing darivativa into a 
rotoavaporator Ouk. 

30) Attach flaak to rotoavaporator previously eoolad vith 
circulating cold vatar or coolant. 

31) Dry darivativa to a . f il« and rasuspand in 3.0 cc of 
10 - chloroforn.. • 

32) vith thin layar chromatography roughly quantitata 
PnosphatidylatbWanina darivativa concentration by 
comparing 15 uL, 10 «l, and 5 nL spots of 

»*«ndard « of known concantration to aqual volunas of 
15 tha darivativa solution. Datarnina ag/aL of 

darivativa. 
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B. H-Succialaidyl Pyridyl Dithiopropionate 
Dsrivitiration of XgG Antibody 

This procedure describes the N-succiniaidyl pyridyl 

dithiopropionate derivitiration (8PDP) of Igc antibody for 

conjugation vith similarly modified liposomes. 

5 Beagentst 

1) H-hydrwcy«uccini«idyl-dithiopropionat« (SPDP) 

2) Sodium citrate 

3) Anhydrous sodiua phosphate, dibasic 

4) Sodium chloride 
10 5) Sephadex 6-50 

«) Bthanol or reagent grade alcohol 

7} Zg6 antibody 

8) BCA protoin binding dya concantrata (BCA) 

9) Oithlothraitol 
15 10) Deionlsed watar 

11) Sodium acatata 

12) Hitrogan 

13) Diluta hydrochloric acid (HC1) 

14) Olacial aeatle acid (17.4 M) 

15) Anhydrous potassium phosphate, monobasic 


20 
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1 Equipment* 

1) V7/7XB Spectrophotometer 

2) 100 mL Gel Chromatography eoltan and tu bin g 

3) Fraction collector * . ' 
5 . 4). Micropipets 

5) TDrantofn syringe (5*10 Ml* capacity) 
- 6) Pasteur pipet* • . 

7) Beaker/flasks various sites 

8) Stirrer and stir bars 

10 9) Analytical balanca (accurata to 0.1 or 0.01 mg) 

10) pH meter vith micro and regular electrodes and 
appropriate standards 

11) Sing, atand and clasps 

12) Amicon ultrafiltration system 
15 13) Volumetric flask* 

Procedure* 

1) Combine 19*7 9 sodium citrate, 7.1 g anhydrous sodium 
phosphate, dibasic (Na 2 HP0 4 ) , and 2.9 g sodium 
chlorida par litar in a 1 or 2 liter beaker and fill 

20 75% vith highly purified , deionised vater. Usually . 

' prepare 2 L of buffer. 

2) Adjust pH to 7.0 using dilute hydrochloric acid. 

3) transfer pH 7.0 buffer to volumetric flaak vith three 
washes of the beaker and fill to the mark vith 

. 25 deionixed water. 


WO 93/20802 


PCr/USM/03291 


-31- 

1 4) . Weight 7.5g of SZSBADEX G-50 (Pharmacia Co.) and 
transfer to a 125 mL beaker. 

5) Add 100 mL of citrate/phosphate buffer (a tap 1) to tha . 
baakar, covar and allow gal to wall at laaat 3 boors, 

5 prafarably overnight. 

6) Aftar availing, daoant axcaaa citrata/phoaphata buf far 
and finaa and raaoapand gal in 100 nL of fraab buf far. 

7) Aseamble gal chromatography system. 

8) Plaea 10 nL of citrata/phoaphata buf far in baaa of 
10 colunn. 

9) Load gal slurry into column aa a continuous pour vbila 
draining axcasa buffer out of tha colunn. 

10) Aftar colunn ia poured, allow gal to settle. j 

11) Pass 10 bad volumes (approximately 750 aL) of j 
15 citrata/phoaphata buffer through the column, and aaal 

for uaa the next day. (Add 0.01% sodium aside to 
elution buffer if storing the column for more than 24 
hrs). 

12} The next day, drain axceaa buffer from the top of the 
20 column, leaving 5 mL above gel. 

. 13) Prepare 0.1 M phosphate buffer, pH 7.5, by mixing 
1*361 g anhydrous potassium phosphate , monobasic 
(XB 2 F0 4 ) , in 90 mL of daionised water, titrate to 
PH 7.5, transfer to a 100 mL volumetric flask and fill 
25 to the mark with daionised water. 
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1«). Prepare 0.5 X. acetic acid by dilating 2.0 aL t 
concentrated acetic acid (17.4 X) With 67.6 aL 
deionlsed amtar. 
15) Prapara 6 ag H-«uccinimidyl pyridyl dithiopropionata 

lit 1.0 aL SOt ethanol. 
15) Weigh 165 ag sodium acetate, combine, with 10 aL ' ' 
deioniaed vatar and titrata to pH 5.5. 

17) Weigh 95 ag dlthiothreltol and dissolve in 250 
aiexolitars of aediua aeatata buf far in a 
aiczocantrifuga tuba. 

18) Diaaolva IgG antibody (e.g. 25 ag) in o.l M phosphate 
buffer (pH 7.5) at a concentration of 5 ag/aL. 

19) Add 150 aierolltara of H-succiniaidyi pyridyl 
dithiopropionata. in 30% ethanol while stirring alowly, 

15 and continue stirring for 30 minutes. ~ 

20) Slowly decrease the pH (dropwise) of the antibody 
aolution to pH 5.5 with 0.5 M acetic acid. 

21) Add 50 aierolltara of dithiothraltol, cover solution 
with nitrogen and allow to stand l hour. 

20 22) Drop the boffar level over SEPHXDEX (Pharmacia) column 
to top of 'column and alowly add XgG mixture. 
23) Sua XgC into column and vaah in with 2-3 aL 

citrate/phosphate buf far. 
24> Fill column to top with buffer previously purged of 
25 oxygen with nitrogen, careful not to disturb column, 

and attach buffer reservoir layered with nitrogen or 
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1 . argon or continuously bubble nitrogen through the 
elution buff or. 

25) Sluto column at 0.5 to 1.0 mVain. 

26) Layer each fraction vith nitrogm or argon to avoid 
5 oxidation of sulfhydryl groups. 

27) Assay fraction on spectrophotomo tsr at 280 nm and nota 
protain peaks. Usually, two peaks ara datactad but 
tha first protain paak is used. Tha sacond paak is 
probably immunoglobulin fragments, though no 

10 confirmatory alactrophorasis has baan perforaed. 

28) Conbina fractions of high optical dansity and conduct 
a BCA protain assay according to manufacturer 1 ■ 
instructions to estimate protain concentration, 

29) If tha protain concentration is too dilute, to 

15 concentrate antibody under nitrogen or argon vith 

Amicon ultrafiltration systea according to the 
aanufacturer's instructions. 

30) Combine antibody vith liposomes as previously 
discussed and proceed vith conjugation. 

20 

C Production of Bchogenic Antibody-conjugated 
Liposomes Using a Preeze-drying Methodology 

This procedure describes methods and reagents required 

to make acoustically reflective, oligovesicular liposomes 

25 conjugated to Zgo antibodies through a disulfide bridge 
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using H-mxcdniMidyl pyridyl dithlopropionata derivativa 
oi phosphatidylathanolamine and antibody. 


S 1) OOP derivatised I/-»-phb«phatidyletfaanola»lne <ps-PDP) • 

2) Phosphatidyl nlml Ins (PC) 

3) Cholesterol (Choi) 

4) Phosphotidylglycerol (FG) 

5) . Deieaixed vater 
10 6) mhnltol 

7) Sodium citrate 

8) Sodium phosphate (dibasic) 

9) sodium ehlorids . • j 
• 10) Raagaat grade .alcohol 

IS 11) Blogel A-5M (100-200 Mash) ■ 

Equipment: 

1} Botery evaporator with external cooling, vacuum and 
heating 

20 2) Probe sonicator and ear protection 

• 3) Submicrbn. particle site analyzer (e.g. NICOMP, 
Malvern, Coulter) and tubes 

4) Fraction collector or test tube rack 

5) Volumetric flasks 

25 6) Stirrer/heating plate and stir bars 
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1 7) Uectronic balance (accurata to 0.1 or o.oi ag) 
«) Liquid scintllatlen vial or atii table substitute 

9) Graduated cylinders 

10) Aspipets/pipata 

5 11) Ring atand and damps 

12) RUCLD082 (Coatar Co.) filtara and mambranea from 2 to 
0.22 microns 

Procedural 

10 1) waxa vlala of phoapatidylcholine to room temperature. 

2) Weigh 25 ng of eholeaterol. 

3) Diaaolve eholeaterol in 2.5 aL of chloroform. 

4) Transfer to a rotoevaporator by pipet 73 mg of 
phoapatidylcholine , 11 ag derivatised 

15 Pbospatidylethanolamine, 16 ag eholeaterol. Adjust as 

required for aeale-up. 

5) Attach flask to 0 degree centigrade pre-cooled 
rotoevaporator with 50 degree centigrade warming bath. 

6) Dry lipid film under vacuus at rotational speed of 
20 approximately 210 rpa. 

. 7) Remove flask froa rotary evaporator and place in 

desiccator under vacuum and cover deaiceator with a 
dark cloth. 
8) Dry fila for 2 days. 
25 9) Prepare 100 mK aannitol aolution in deionised water. 
10) Add 10 mL of mannitol aolution par 100 mg of lipid. 


WO 93/20602 PCT/U59VG3291 

-36- 

X U). Sotate the flask at 210 rps to rmsuspand lipid £ila. 
U) Whan lipid film is resuspended, add on* to two drops 
to HIO0KP tub* tad dilute with 100 mlf sugar water 
solution. . 
5 13) Analyse particle size. 

• 14) Transfer liposomes from round bottomed flask to liquid 
snlntlllattnn vial. 

15) Secure vial to ring stand and sufaaarga vial 
approximately two-thirds into cool tap water flask to 

10 . dissipata excess heat during sonieation. 

16) Position sonicator probe about one quarter inch above 
the flask bottom and not in contact vith the glass 
vial. 

17) Sat the sonicator for 10% duty and 10% power and 
15 sonicate for 3 minutes. 

18) Recheck particle size. Continue to reduce particle 
size using 1 minute sonieation bursts at sane power 
and with increasing duty levels until vesicles are 
less than 400 nm. Increase power and repeat duty 

20 * changes starting at 10% if additional sonieation is 


19) Derivative antibody as previously described. 

20) To conjugate reduced antibody to liposomes, combine 
liposomes with reduced, derivatized protein to have a 


25 
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1 coupling rati \n proteiVMaol lipid —.a mg 

protaiq/jimol lipid) of 390-500 and a final protain 
concentration of approximately 0.5 mg/mL. Buffer 
aasociatad vitb protain ahould provida «uf f ieiant 

5 buffering capacity to maintain pB at 7.0 at a minimal 

ionic strength. 

21) Milan antibody conjugation to proeaad for 12-18 houra 
at room temperature. 

22) Pill Chromatography column with gal at a ratio of at 
10 learnt 10 mL of BXOGEL-A 5M (100-200 maah) to 1 mL of 

lipoaoma suspension. Put 10 mL of buff ar in column 
bafora adding gal and than fill tha column while 
alovly running out tha axcaaa buffer. 

23) Eluta Biogal-A-5m column with 10 bad volumaa of 100 mM 
15 mannitol aolution tha day bafora use. 

24) Aftar antibody conjugation, paaa liposomes through 
sequentially amallar (2 to .22 micron) KDCLEPOBS 
(Coatar Co.) polycarbonate filtara as required to 
reduce particle size below 400 nm. Verify 

20 Intermediate and final particle aire. 

25) Drain excess buffer from column. 

' 26) Gently and alovly load liposome suspension to top of 
column with a Pasteur pipat. 
27) Slowly run liposomes into column, stopping tha flow 
25 when tha liposomes have just completely entered tha 

top of the column. Do not allow the column to dry. 
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1 28) Wash liposomal off the sides of column with 2-3 mL of 
mannltol solution than run this into the column. 
• 29) Slowly fill tha column vith lOOsK mannitol solution 
cdntalnlng 0.01 M potassium phosphate buffar, pH 

5 being careful not. to disturb tha top of tha gal 

column* 

30) Whan tha column is full of buffar, attach tha buffar 
reservoir to tha column vith tubing. 

31) Attach column to fraction collactor vith sufficiant 
10 tubas to collect 3 bad volumes. Liposomes vill coma 

out in tha void volume and unbound antibody vill 
follow closa behind. 

32) Collact fractions at a rata of 0,5 -1.0 ml/ain for 
bast resolution. 

15 33) Analyse fractions for particlas using tha HICOKP at 
maximum photopulse to isolate iiposbmas and a 
spectrophotometer at 280 nm to isolate protain 
fractions. . 

34) Pool fractions containing both liposomas and protain. 
20 35) Concentrate liposomes to approximately 10 mg of. lipid 
par mL using an appropriately sized Amicon 
ultrafiltration system (300 KDa membranes) according 
to tha manufacturer's instructions. 
36) Transfer 5 mL aliqpiots of liposomas into 25 mL liquid 
scintillation vials , layer vith nitrogen and cap. 
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37). Either snap-freeze in acetone-alcohol -dry ice bath or 
freeze overnight in -70 dtgrtt centigrade dnp 


38) Transfer vials from the freezer *to tha lyophilizer 
5 jars and freeze dry for 48 hours according to tha 

manufacturer's instructions. 

39) After 48 hours of lyophilization, remove vials from 
tha fraaza dryer, gantly layer contents with nitrogen, 
raeap and saal vith parafilm. 

10 40) Stora vials in rafrigarator vith dasiccant until usa 
vithin 72 hours* 

41) Prepare 0.10 M Trie BC1 + 0.10 N NaCI, pH 7.5, buffar. 

42) To rahydrate, add 0.10 mM Trie HC1 + o.io aM NaCl, pH 
7.5, buffar to aach vial. Tha initial liposome size 

15 vill vary invarsaly vith tha volume of buffar added. 

A good starting volune is 2-3 mL of buf f er/mL 
lyophilized liposoma containing sufficient amount of 
ions to make a aolution of the same osmolarity/mL of 
liposome suspension lyophilized. 

20 43) Sise liposomes vith submicron particle analyzer. 

44) Transfer liposome suspension to an appropriately sized 
syringe and extrude liposomes to desired particle size 
through polycarbonate membranes according to 
manufacturer's instruction until desired sise is 

*5 attained. Note: Exceaslve extrusion vill 
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1 . s ignificant ly destroy liposome structure sad -h 
echogenicity. '' Be sure sample dilution buffer for 
particle sis* analysis, is iso-osmotic with liposome 
solution to avoid ertifactual swelling or ooatraetioo 

S of vesicles sad inaccurate size estimation. 

45) Transfer liposomes late small 10 at liquid 

seiatillatioa vials and image liposome suspension with 
20 HEX CVXS intravascular Imaging catheter system. 

i° EXAMPLE 3 

Liposoaes of four different compositions were prepared 
in triplicate using the procedures outlined in Example 1 j 
(without the optional addition of aannitol eryopotectant) , 

15 and imaged with a 20 KHz intravascular catheter to 

i dent i f y echogenicity. Two replicates were ultrasonically . 
analysed pre and post extrusion and the' results of an - 
overall split-plot statistical analysis y-rep ♦ 
composition + rep* composition + time + composition*time + 

20 residual, where rep*composition was used to test 

composition affects and residual error was used to test 
time effects (time equating to pre versus post 


25 
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1 polycarbonate extrusion) . Figures 1 through 8 are 
. exasplaa frea tha second rapllpata pra and post 
polycarbonate axtrualon. Lsast-square swans tor tha 
eoapesition offset for tha abova aodal ara presented. 
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3.34 

8.33 
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13.86* 


•PC va othar combination (p £ 0.05) 

15 

Zn this study, changa in solution acoustic raflaetivlty 
vaa quantitatad as tha incraaaad pixal brightnaas (gray 
acala) of liposome clustara compared with background 
lavala and tha ineraasa in pixal heterogeneity of tha 

20 overall lipososs/buffar image. Liposomes incorporating 
phosphatidylathanolanina vara ultrasonically visible 
• before and aftar axtruaion to reduced particle sisea and 
this waa reflected as a statistically significant increase 
in pixal gray seals and heterogeneity. 

25 Phosphatidylcholine: cholesterol vasiclas vara echogenie 
bafora but not aftar extrusion. 
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1 ' Although tha invaation has btaa dascribad primarily la 
ornmacrtion with apaoial and prafacrad aabodiaaiits, it will 
ba understood that it is eapabla of aodif ication without 
departing tram the scope of tha invention, the following 

5 elains are intended to cover all variations, noes, or 
adaptations of the invention, following, in general, the 
principles thereof and Including such departures froa tha 
prasant disclosure as com vithin known or customary 
praetiea in the field to which tha invention pertains, or 
10 aa ara obvious to parsons skilled in tha field.. 
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1. h eespesltion conprisingj acoustically raflactiv 
oligolasallar liposoaa containing intarnally saparatad 
lipid bilayars. 

2. Th» composition of Claia 1 wharain said lipoaoma 
contains ehargsd lipids. 

3* tha composition of Claia 1 wharain said llposoae . 
contains phosphatidylathanolaaina. 

4. Tha coaposition of Claia 1 wharain a ligand is 
conjugated to said lipid bilayar to incraasa saparation of 
said bilayars. 

5 a The composition of Claia 1 wherein said llposoae 1 
is conjugated to a tlssua specific ligand. J 

6. Tha coaposition of Claia 5 wharain said ligand is 
an antibody. 

7. The coaposition of Claia 1 wherein said liposome 
i» between about 0.8 and 10 aicrons in diameter. 

8. The coaposition of Claia 1 wherein said liposome 
contains a contrast agent* 

9s A composition comprising: acoustically reflective 
oligoleaellar llposoae containing internally separated 
lipid bilayars, said llposoae consisting essentially of 
phosphatidylathanolaaina and other phospholipids. 
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10. Qi composition of Claim 9 vharain said 
phospholipids ere phosphatidylcholine and 

11. She composition of Claim 9 vharain said liposome 
Inclnilss cholesterol. 

12* The composition of Claim 9 vherein said liposome 
is conjugated to m tissue specif ic ligand. 

13. She composition of Claim 12 vherein said ligand 
is an antibody. 

14* 3b* composition of Claim 9 vharain said lipososa 
is between about 0.8 and 10 microns in diameter. 

15. Tha composition of Claia 9 vharain said liposome 
contains a contrast agent. 

16. am acoustically reflective bligolamellar liposome 
containing internally separated lipid bilayars made by the 
process comprising: 

a) combining lipids including 
phosghatidylethanoiaime to form a liposome 
particle; 

b) • * reducing the size of said particle to less than 

about 400 nm; 

c) lyophilizing said particle; and 

d) reducing particle size to between about 0.8 and 
10 microns in diameter. 
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17. Tha composition of Claia i« vharain said llpoaoma 
i» fanetionallsad to racalva a tlssus spacif lc llgand. 

18. Tha composition of Claia 17 vharain said ligand 
i» an antibody. 

19. An acoustically raflactiva oligolaaallar lipoaons 
containing intarnally ••par* tad lipid bilayara aada by tha 
pxoeoss comprising: 

a) combining lipids, including phospholipids, in an 
organic solvant to fora a solution; 

b) agitating said first solution to fora a 
watar-in-oil emulsion; 

c) combining said anulsion vith a sucrosa solution 
to fora an anulsion solution 1 

d) agitating said soeond solution to fora a 
watar-in-oil-in vatar anulsion; 

•) avaporating said organic solvant to fora. a 

Bultieaapartaantal liposoaa; and 
f ) raducing tha siza of tha liposoaa to betvaan 

•bout 0.8 and 10 microns in diamatar. 


« 
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- la «c«»ticany.reflactive ligolamellar liposome 
c onta Inlng internally separated lipid bilayars made by the 
. process comprising? 

a) mrnhlnln g like charge! phospholipid* to form a 
'multilamellar liposomal 

b) r ep ea t edl y freezing and thaving said liposome to 
form multicompartmantal vesicles; and 

e) reducing tha sirs of said liposome to batvaan 
about 0.E and 10 microns in diameter. 

21. ' An' acoustically reflective oligolamallar liposome 
containing internally separated bilayars made by the 
process comprising* 

a) preparing N-succiniaidylpyrodyl- 
dlthiopropionate derivatives of 

. phosphatidylethanolamine ; 

b) combining step (a) with components selected from 
the group consisting of phosphatidylcholine, 
cholesterol and phosphatidylglycerol, to form a 

. . . liposome; 

c> red u cing said liposome to less than about 400 nm; 
d) conjugating an antibody to the 

g-hydroxysuccl n 1 ml dlydithioprionate derivatives 

of phosphatidylethanolamine ; 
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•) collecting antibody-lipoaoae coBpl«x; 

£) separating free antibody fro. antibody-liposoae 

g) lyephilisiag said conjugated liposomes; 

h) reducing particle sis* to batvaan about 0.8 and 
2.0 aieroas in dl a—tar. 

aa. A aethod to aaka acoustically reflective 
oligolaaallar llposoBes containing intatnally aaparatad 
bilayars comprising tha steps of: 

a) combining phosphatidylethanolaaine with othar 
lipids to form a liposema particle; 

b) reducing tha sice of said partida to lass than 
•bout 400 nm; 

e) lyophilislng said particle; and 

d) reducing particle size to between about 0.8 and 
10 sicrons in diameter. 

23. me method of Claim aa wherein said liposome is 
funetionalixed to receive a tissue-specific ligand. 

34. The aethod of Claim 23 wherein said ligand is an 
antibody. 


W0W/M *° PCr/lS93/03»1 

-48- 

. * 25. k method to make acoustically reflective 
ollgolamallar liposrimoa containing internally separated 
lipid bilayers comprising the staps oft 

*) combining lipids, including phospholipids in an . 

organic solvent to for* a solution i 
b) agitating skid solution tp £09 a water-im-oii 
emulsion; 

o) combining said emulsion with a sucrose solution 

to form a second solution 1 
d) agitating «*id sacond solution to form a 

vatar-ln~oil water emulsion; 
•) evaporating said organic solvant to form a* 

multicompartmontal liposoma; and 
f) . reducing tha aira of the liposome to batvaan 

about o.s and 10 microns in diameter. . 
26. A method to make acoustically reflective 
oligolamellar liposome containing internally separated 
lipid bilayers comprising the steps of: 

a) combining phospholipids to form a multilamellar 
liposome; 

b) repeatedly freezing and thawing said liposome to 
form multicompartment*! vesicles; and 

o) reducing the size of said liposome to between 
•bout 0.8 and 10 microns in diameter. 


WO 93/30802 


PCTAJ593/Q3291 


-49- 

27. A method to aake acouetically reflective 
oligolamellar liposome containing internally separated 
lipid bilayera comprising the steps oft 

•) preparing H-TOCciniaidylpyridyl-dithiopropionat. 

derivatives of phosphatidylethanolaaine > 
b) combining step (a) with components selected froa 
the group conaiating of phosphatidylcholine, 
choleatarol and phosphatidglycerol, to fon a 
liposome; 

e) reducing .aid liposome to laaa than' about 400 nm; 
d) conjugating an antibody to the 

N-succininidylpyridyl-dithioprionate darivativaa * 
of phosphatidylethanolamine; 
•) coilacting antibody-liposoae complexes; j 

f) aaparatlng free antibody froa antibody-lipoeome 1 
complexes; 

9) lyophiliting said conjugated liposome.; 
a) reducing particle size to between about 0.8 to 
2.0 nlcrons in diaaeter. 


« 
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2a. a Bathed to enaractarlsa specific tissua. 
comprising: 

») •<*»1nl« fring acoustically raflactive 

oligolanallar llposonaa containing intarnally 
separated lipid bilayars; 

b) aaasuring ultrasonic raflactanca of said apacif ic 
tissua; and' 

c) ceaparlng said aeasured reflectance pra and post 
adninistrants to characterize said specific 
tissue. 

39 • * nathod to cnaractariza specific tissua 
c omp rising t '. 

») a d mi nist e r i ng an acoustically reflective j 
oligolanaUar liposome containing intarnally , 
aaparatad lipid bilayers, said liposomes baing ' 
conjugated to a tiasue-specific ligand; 

b) measuring ultrasonic raflactanca of said spacifi 
tissua; and 

e) comparing said measured raflactanca to a control 
to characterize said specific tissua. 
. 30. las method of Claim 29 wherein said ligand is a 
monoclonal antibody. 
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3X. X method to characterise thrombus comprising: 

a) administering acoustically reflective 
oligolamellar liposomes containing intarnally 
■eparated lipid bUayara conjugated to 
anti-fibrin antibody; 

b) measuring ultrasonic reflectance; 
comparing said measured raflaetanea to a control 
to characterise said thrombus; 
lyophlllsing said conjugated liposomes; and 
reducing particle sisa to batvaan about 0.8 to 
2.0 microns in diamatar. 

32. A method to monitor drug delivered in a liposome' 
administered to a patient's circulatory system comprising: 

e) mixing a liposome containing the drug targeted to 
e specific tissue and an acoustically refleetiv 
ollgolamellar liposome targeted to the same 
tissue to form a dispersion; 

administering said dispersion to said patient and 
monitoring the delivery of said drug from said 
liposome containing said drug by detecting eaid 
acoustically liposc 
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